Introduction
Canada fleabane (Conyza canadensis (L.) Cronquist) is native to North America and has spread to many parts of the world including Europe, Australia and parts of Africa [1] . It is typically found in coarse textured, undisturbed soil [2] [3] . Eliminating tillage has created an ideal growing condition for this plant, as the germination success of Canada fleabane is greatest when the seed is in the top 1 cm of the soil [4] . Canada fleabane is mostly self-pollinated with a small portion (4%) cross pollinating [4] . The spread of this weed has been due to its large seed production (up to 1 million seeds/plant) and the slow settlement velocity (0.323 m•sec −1 ) which allows it to be wind dispersed up to 500 km [2] [5] . Canada fleabane is extremely competitive with crops, reducing soybean yield up to 90% [6] . Controlling this weed is important to reduce the risk of yield loss.
Canada fleabane is currently resistant to five herbicide groups, including the Group 2 (acetolactase synthase (ALS) inhibitors), Group 5 (photosystem II inhibitors), Group 7 (ureas), Group 9 (glycines) and Group 22 (bipyridiliums) [7] . Some biotypes of Canada fleabane are multiple resistant to two or more of these herbicide groups [7] . In Canada in 2012, there were 19 sites that were confirmed multiple resistance to Group 2 and 9 herbicides [8] . Canada fleabane can rapidly develop resistance to herbicides and therefore multiple modes of action should be used to control this weed. Beckie and Rebound [9] have shown that herbicide mixtures are very effective at delaying herbicide resistance. Mixtures of glyphosate (840 g•ae•ha −1 ) and 2,4-D amine (280 g•ae•ha −1 ) provided greater than 97% control of Canada fleabane [2] . 2,4-D ester (560 g•ae•ha −1 ) applied alone provided 97% control of Canada fleabane, and as of now Canada fleabane has not been found to be resistant to 2,4-D [6] [7] .
A premix formulation of 2,4-D choline and glyphosate dimethylamine (DMA) has been developed. The 2,4-D choline is a new salt of 2,4-D, this combined with the formulation science and manufacturing processes of the company has resulted in 96% and 88% less volatile than 2,4-D ester and 2,4-D dimethylamine, respectively [10] . This formulation matched with low drift nozzles has resulted in 90% reduction in drift compared to a tank mix of 2,4-D DMA and glyphosate DMA [10] . This product will be introduced with crops tolerant to this formulation, allowing the product to be applied preplant or post plant in tolerant corn, soybean and cotton crops [11] . The label rate of this formulation in Canada will be 1720 g•ae•ha 
Materials and Methods
This experiment was completed twice over a two-year period (2012 and 2013) and included four Canada fleabane biotypes, two resistant to glyphosate (GR1 and GR2) and two susceptible to glyphosate (GS1 and GS2). Seeds were collected from various farms in southwestern Ontario. There were four replications in each run. All the biotypes were tested in 2011 to determine if they were susceptible or resistant to glyphosate [8] . Seeds of each biotype were planted in 25 cm by 25 cm trays filled with potting soil (Sunshine Professional Growing Mix containing peat moss, perlite, and dolomitic limestone). When the Canada fleabane seedlings were around 1-2 cm in diameter they were transplanted individually into pots that were 10 cm in diameter. The pots were placed in a greenhouse with a 16 hour photoperiod and a 25/18˚C day/night temperature with a relative humidity of 50% to 60% and were watered with tap water every morning. Each biotype was treated with 10 rates of four different herbicides . Herbicides were applied in a stationary spray chamber when the Canada fleabane rosette was 10 cm in diameter. Herbicides were applied with a single 80-02 flat fan nozzle with the sprayer speed set at 2.15 km•h −1 at 280 kPa. The top of the weed canopy was set 45 cm below the nozzle. Control ratings were taken 1, 7, 14, 21, and 35 days after application (DAA). Shoot dry weight was determined at 35 DAA by cutting the living Canada fleabane plants at the soil line, drying them at 60 C and then weighed.
Statistical analysis was completed using an analysis of variance with the SAS PROC MIXED procedure in SAS 9.1 (SAS Institute, Cary, NC). The control ratings were partitioned into fixed effects and random effects using the F-tests and Z-tests to determine significance, respectively. The fixed effects included the treatment and biotype and the treatment by biotype interaction. The random effects included the run, replication, treatment by run interaction and the biotype by run interaction. If there was not a significant run by treatment or biotype by treatment interaction then all factors were analyzed together. If there was a significant interaction between the treatment and run then the runs were analyzed separately and if there was significant biotype by treatment interaction then the biotypes were analyzed separately. Transformations were done if necessary to better meet the assumptions of normality (errors are random, homogeneous, independent of effects and normally distributed). A Type 1 error rate of 0.05 was used for all the statistical tests. The PROC NLIN procedure in SAS 9.1 was used to regress the data using the log-logistic equation [12] :
Y is the percent control of Canada fleabane. C is the lower limit. D is the upper limit. b is the slope of the line, and I50 is the rate where there was 50% response between the upper and lower limit [12] . The I50 values, including the standard error were compared for the different treatments to determine if the curves were shifted from each other (either left or right), indicating treatment differences. For the dry weight data, a positive slope (b) was used while for the control ratings a negative slope was used (−b). The ED 50, 80 and 95 values represent the rate that provides 50%, 80% and 95% control of Canada fleabane. They were determined by using 50, 80 and 95 as the Y value and solving for x representing the rate. For dry weight 50, 20 and 5 were used for the Y values to determine the required rate.
Results and Discussion

Biologically Effective rate of Glyphosate
At 7 DAA, the glyphosate resistant (GR) and glyphosate susceptible (GS) biotypes responded differently to the glyphosate applied and were analyzed separately. The GR biotypes had very few to no symptoms, whereas the GS biotypes had yellowing of the growing point especially at the high rates of glyphosate. At 7 DAA, the upper limit (D) values for the GR and GS biotypes were 29 and 69, respectively ( Table 1) . At 7 DAA, the highest rate of glyphosate (7052 g•ae•ha −1 ) did not provide 50% control of the GR biotypes while a rate of 3466 g•ae•ha −1 provided 50% control of the GS biotypes ( Table 1) . At 14 DAA, the highest rate of glyphosate still did not provide 50% control of the GR biotypes ( Table 1) . At 14 DAA, a glyphosate rate of 485 -978 g•ae•ha −1 was required for 50% control of the GS biotypes ( Table 1) . At 14 DAA, the rate of glyphosate required to provide 95% control of the GS biotype was 2595 g•ae•ha −1 to greater than 7052 g•ae•ha −1 ( Table 1) . These data are in contrast with those of Davis et al. [13] , who reported that glyphosate at a rate of 840 g•ae•ha −1 provided over 90% control of GS Canada fleabane. At 21 DAA, glyphosate did not provide 50% control of the GR biotypes while glyphosate at 584 g•ae•ha −1 provided 50% control of the GS biotypes ( Table 1) . At 35 DAA, the upper limit (D) for the GR biotypes was 41, with this low D value the ED 50, 80 and 95 values could not be determined ( Table 1) . At 35 DAA, the rates of glyphosate required to provide 50%, 80% and 95% control of the GS biotypes were 394, 1156 and 3841 g•ae•ha −1 , respectively ( Table 1) . At 35 DAA, the dry weight data were similar to the control ratings, the GR biotypes had a high C limit of 56.6 and the ED 50, 80 and 95 could not be determined. The rates of glyphosate that reduced the dry weight of the GS biotypes by 50%, 80% and 95% were 591, 1196, 3474 g•ae•ha −1 , respectively ( Table 1) . The rates of glyphosate for the control of the GS biotype in this study were higher than those reported by Davis et al. [13] who found that glyphosate applied at 840 g•ae•ha −1 provided 90% control. Byker et al. [8] sprayed these biotypes with glyphosate at 900 g•ae•ha −1 and they survived, while these data indicate that these GR biotypes are highly resistant to glyphosate. Based on the dry weight at 35 DAA the resistance factor for the GR biotypes is 8.6.
Biologically Effective Rate of 2,4-D Amine
At 1 and 7 DAA, the control of both the GR and GS Canada fleabane biotypes with 2,4-D amine was similar and therefore the data were combined. At 1 and 7 DAA, the I50 values for 2,4-D amine were 5929 and 583, respectively ( Table 2 ). The rates of 2,4-D amine required to provide 50% control 1 and 7 DAA were 5929 and 3639 g•ae•ha −1 , respectively ( Table 2) . At 14 DAA, one of the GS biotypes could not be combined and was analyzed on its own. At 14 DAA, the I50 values were 53 and 91 and the rate of 2,4-D amine required to provide 50% control was 115 -195 g•ae•ha −1 ( Table 2 ). The data for the control ratings 21 and 35 DAA and the dry weight data 35 DAA from the two runs could not be combined and were analyzed separately. The I50 values at 21 DAA were 59 and 267 and a 2,4-D amine rate of 60 -323 g•ae•ha −1 was required to provide 50% control ( Table 2 ). Similar to these findings, Kruger et al. (2010b) had an I50 value of 199 -314 at 28 DAA for 2,4-D ester. At 35 DAA, the I50 value was 51 and 179 and to achieve 50% control of the Canada fleabane a rate of 51 -179 g•ae•ha −1 was required ( Table 2) . At 35 DAA, the rate of 2,4-D amine required to provide 95% control of the Canada fleabane was 259 -4202 g•ae•ha −1 ( Table 2 ). The I50 value for the dry weight analysis in this experiment was 64 and 457 for the two runs ( Table 2) . To achieve 50% control of the Canada fleabane based on the dry weight data a rate of 86 -948 g•ae•ha −1 of 2,4-D amine was needed ( Table 2) . To obtain 95% control of Canada fleabane with 2,4-D amine according to the dry weight analysis there was a large difference between the two runs ranging from 240 g•ae•ha −1 to greater than 6780 g•ae•ha −1 ( Table 2) . Kruger et al. [14] reported that 560 g•ae•ha −1 of 2,4-D amine provided 90% control of 7 cm Canada fleabane which is in the range of these findings.
Biologically Effective Rate of 2,4-D Amine plus Glyphosate
For the biologically effective rate of the tank mix of 2,4-D amine and glyphosate, the control data at 1, 7, 14 and 21 DAA from all the biotypes could all be combined. The I50 values were 5464, 3475, 586 and 288 at 1, 7, 14, 21 DAA, respectively ( Table 3 ). The rate of tank mix required to provide 50% control 14 and 21 DAA was 717 g•ae•ha −1 and 282 g•ae•ha −1 , respectively ( Table 3) . At 21 DAA, the rate of tank mix required to provide 80 and 95% control was 866 and 3641 g•ae•ha −1 , respectively ( Table 3) . At 35 DAA, the data from the GS and GR biotypes were analyzed separately. The GR biotypes had a higher I50 value and required a higher rate of 2,4-D z D is the upper limit and C is the lower limit; y B is the slope of the line; x I50 is the rate where there is a 50% response; w ED = the rate of the tank mix of glyphosate and 2,4-D amine where there is 50%, 80% and 95% control; v Abbreviations: GR1 and GR2 are glyphosate resistant biotypes; GS1 and GS2 are glyphosate susceptible biotypes; DAA, days after application; R1 and R2 are the two runs of this experiment R1, 2012 and R2, 2013. amine plus glyphosate to achieve 50%, 80% and 95% control. The rate of the tank mix required to provide 95% control of the GR and GS biotypes was 2552 and 761 g•ae•ha −1 , respectively ( Table 3) . Bruce and Kells [6] reported that an early preplant application of 210 g•ae•ha −1 of glyphosate plus 560 g•ae•ha −1 of 2,4-D amine provided 99% control of Canada fleabane, which is a total of 730 g•ae•ha −1 of tank mix similar to the rate that was required in this experiment, however Bruce and Kells [6] did use a higher percentage of 2,4-D in their tank mix. For the dry weight data analysis the GR and GS biotypes were analyzed separately and the data from the two GS biotypes could not be combined either. To achieve 95% reduction in Canada fleabane dry weight of the GR biotypes a tank mix rate of 1635 g•ae•ha −1 was necessary ( Table 3) . The GS biotypes needed a rate between 552 -2304 g•ae•ha −1 to reduce Canada fleabane dry weight by 95% ( Table 3 ). The amount of 2,4-D amine in the tank mix is 48% and therefore the rates to achieve 50% and 95% control of the Canada fleabane are equivalent or improved from the rates of 2,4-D amine applied alone showing that the glyphosate and 2,4-D do not antagonize each other when they are mixed together.
Biologically Effective Rate of 2,4-D Choline/Glyphosate
At 1 and 7 DAA, 2,4-D choline/glyphosate DMA provided equivalent control of the GR and GS biotypes and the data could be combined. At 1 DAA, the symptoms included severe twisting and yellowing of the growing point with the higher rates and slight bending of the leaf tips at the lower rates. At 1 DAA, a rate greater than 13,760 g•ae•ha −1 was required to provide 50%, 80% or 95% Canada fleabane control ( Table 4) . At 7 DAA, to achieve 50% control of Canada fleabane a rate of 3450 g•ae•ha −1 was needed, while a rate greater than 13,760 g•ae•ha −1 was needed to provide 80% and 95% control ( Table 4) . At 14 DAA, the data from the GR and GS biotypes could not be combined and were analyzed separately. The rate required to provide 50% control of the GR and GS biotypes was 327 and 677 g•ae•ha −1 respectively while the rate required to provide 80% control was 2140 and 3697 g•ae•ha −1 , respectively ( Table 4) . At 21 and 35 DAA and for the dry weight data, the GR and GS biotypes were still analyzed separately and the two runs for the GR biotypes were also separated. For the GS biotypes 21, 35 DAA and the dry weight data had I50 values of 109, 85, and 85, respectively ( Table 4) . To achieve 50%, 80% and 95% control of the GS biotypes 21 DAA a rate of 111 g•ae•ha −1 , 353 g•ae•ha −1 and 1418 g•ae•ha −1 was required, respectively ( Table 4) . At 35 DAA, a rate of 85 g•ae•ha −1 , 187 g•ae•ha −1 and 454 g•ae•ha −1 was needed to provide 50%, 80% and 95% control of the GS biotypes, respectively ( Table 4) . The dry weight analysis of the GS biotypes found that a slightly higher rate of 2,4-D choline/glyphosate DMA was required to provide 50% (148 g•ae•ha Abbreviations: GR1 and GR2 are glyphosate resistant biotypes; GS1 and GS2 are glyphosate susceptible biotypes; DAA, days after application; R1 and R2 are the two runs of this experiment R1, 2012 and R2, 2013.
Conclusion
In summary, there was no difference between the tank mix of 2,4-D amine and glyphosate DMA to the 2,4-D choline/glyphosate DMA formulation by 35 DAA on the GR biotypes. The GS plants were more sensitive to the 2,4-D choline/glyphosate DMA formulation compared to the tank mix of 2,4-D amine plus glyphosate at 35 DAA and in the dry weight analysis. Kruger et al. [14] reported that some Canada fleabane biotypes might respond differently to the various salt formulations of 2,4-D and this might explain the difference between the GS and GR biotypes with the choline and amine formulations. At the early evaluation timings 7 and 14 DAA, the 2,4-D choline/glyphosate DMA was more efficacious than the tank mix of 2,4-D amine and glyphosate DMA on both the GS and GR biotypes.
